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In many species of diving duck, females migrate further south than males, producing a disparity in the sex ratio in wintering flocks (Alexander 1983, Owen and Dix 1986) . The main hypotheses attempting to explain this phenomenon are: (1) Sexual dimorphism in body size may render females more susceptible to harsh weather, causing them to migrate further south Nolan 1976, Saylor and Afton 1981) . (2) Males may winter closer to the breeding grounds in order to return earlier in spring and acquire better breeding sites (Gauthreaux 1978 , Myers 1981 . (3) Females may require different food (e.g. insectivorous), only obtainable further south, to attain breeding condition (Ankney and Scott 1980). (4) There may be a higher female mortality due to greater energetic costs and predation pressures during incubation (Lack 1954 , Ricklefs 1972 ). (5) Under limited food conditions in winter, male dominance may result in a reduced food intake of females and their exclusion from the best food sites, forcing them to move to poorer foraging sites (Gauthreaux 1978) . Segregation between males and females might be expected to occur both locally, with males occupying the better positions and females the peripheral areas (see Sutherland and Parker 1985) , or over a wider geographical region with males wintering north and females having to migrate further south.
In this study we attempt to test this last behavioural dominance and dispersal hypothesis using observations from the European Pochard Aythya ferina. Of all diving ducks in Britain, this species has the greatest disparity in sex ratio in the wintering population with only 29.5% females (Owen and Dix 1986) . From Gauthreaux's hypothesis the following predictions were investigated: (1) males dominate females in aggressive encounters; (2) males monopolize good food sites, whereas females feed in sub-optimal areas; (3) females that remain in the better food sites have re- Fig. 1 . Change in sex ratio during a feeding session when 1, 4, and 8 scoops of grain were scattered into the patch (1 scoop = 550 g). Standard errors ranged from 0.3-3.3, 0.6-2.0 and 0.8-2.6 for the three treatments. The arrows on the x-axis Population (Si, S4, S8) denote the time sex ratio when the proportion of males dropped to match the mean population sex ratio. 
Methods
We studied wintering Pochard in the winter 1987/88 on a shallow lake of 1 ha at the Wildfowl & Wetlands Trust, Slimbridge, where grain is provided daily for birds. Other waterfowl frequent this lake, but Pochard were the predominant diving species. The site is located in the northern half of the species' winter range, where the sex ratio is greatly biased towards males. Food density was manipulated in a study patch of 5 m x 8 m water surface and 2 m depth. Experiment 1. In order to investigate local habitat segregation by the two sexes we varied the quantity of food inside the study patch by scattering either 1, 4, or 8 scoops of wheat grain per feed (1 scoop = 550 g). Each scoop treatment was repeated 6-8 times in a random order. We attempted to dispense the grain (which sank to the bottom of the pond) uniformly throughout the patch. Some food was also distributed outside the patch to ensure that all birds received at least some food, but this was always at a density below the 1 scoop treatment in the study patch. The birds were fed three times a day: in the morning, at midday, and in the evening. Birds were allowed five minutes to settle down to feeding, after which sex ratios within the patch were determined every 3 min for 20 min. A pilot study had revealed that feeding sessions tended to last about 30 min, few birds remaining in the patch after this. We assume that the food both inside and outside the patch was totally consumed by the birds during each feeding session, since the density of birds was very high, with 800 Pochard present at the site. We thus also assume that patch quality deteriorated with time, as birds depleted the food source. All intersexual aggressions were recorded during the feeding sessions.
Experiment 2. Feeding performance and aggressive encounters of both sexes were monitored by focal sampling. Six scoops of grain (3.3 kg) were thrown into the patch at feeding times, and attempts were made to alternate sampling of males and females during the 30 min feeding sessions. When an individually identifiable bird (with colour-dyed feathers or some other distinguishable plumage characteristic) entered the patch, it was observed for as long as it stayed within it. We recorded the dive rates (number of dives per unit time), the dive lengths (time under water) and all aggressive encounters during the feeding sessions.
Results
The mean sex ratio of the 800 Pochard wintering at the site during the observation period was 4.7 males per female (SE = 0.15). Despite this predominance of males in the flock, most male aggression was directed towards females. Of 70 aggressive attacks by males, significantly more (74%) were directed at females than at other males (26%) (X2 = 151.95, p<0.001); the population sex ratio was used to calculate expected values for aggressive attacks by sex, since the sex ratio in the patch never varied significantly from the population sex ratio (see below). Males also initiated significantly more attacks than females (X2 = 19.02, p<0.001). The rate of change in the proportion of males during the feeding session was substantially slower at the higher grain densities. It took an average of 12.5 min after 8 scoops or 15 min after 4 scoops for the observed sex ratio in the patch to drop to the level of the mean population sex ratio, whereas after the 1 scoop treatment this level was matched in 6 min (Fig. 1) .
We attempted to quantify food intake of both sexes by measuring dive times and diving rates. Since the proportion of males was higher at the beginning of feeding sessions than at the end, we divided the diving data in two (collected in first 10 min or last 20 min) so as to obtain roughly similar number of samples in each category.
The mean dive rate of both sexes was higher (2. Our results are consistent with the first prediction that males dominate females in aggressive encounters. There also seems to be evidence for the second prediction that males exclude females from food sites on a local scale. However, we were unable to prove our third prediction, that male dominance results in a reduction in the feeding efficiency of females. Exclusion from a food source can take place in two ways: (1) Spatial exclusion -when subordinates have restricted access to a feeding site, being permitted to feed only in the suboptimal areas (Goss-Custard et al. 1984). (2) Time exclusion -when subordinates are only allowed to feed after dominants have had their fill and left the patch (Barnard 1984) .
Dominance relationships may result in one or both means of exclusion simultaneously. We suggest that in our study, the male bias at the beginning of feeding sessions, when food was plentiful, was due to female exclusion from the site. As the food supply was depleted and males left the patch, presumably satiated, the proportion of females increased. A similar effect of delayed timing of feeding activity of subordinates has been shown in jays (Craig et al. 1982 ) and swans (Black and Rees 1984).
To our knowledge two studies on diving ducks in North America have provided evidence for spatial segregation of the sexes on a local scale due to feeding competition. Nichols and Haramis (1980) found that in Canvasbacks Aythya valisineria higher proportions of males occurred in large open bodies of water, whilst females tended to frequent smaller outlying waters, and that females generally occupied peripheral areas of flocks. Alexander (1987) determined that a greater proportion of male Canvasbacks consistently utilised'the best of two impoundments, as determined by duck counts and biomass assessments of the tubers on the bottom of the ponds.
We were unable to show differential distributions of the two sexes in different quality food patches. Although females were always temporarily excluded from the study patch at the beginning of feeding sessions, the quantity of food put out had no effect on the proportion of females approaching it. This might be explained if pochard are unable to sample the food quantities in a patch accurately. However, since the total number of birds in the patch increased with quantity of food put out, this is unlikely to be the case.
It seems more likely that females have adopted a strategy of feeding later in order to avoid aggressive encounters with males. It is possible that this feeding pattern reflects differing foraging strategies of males and females. Different foraging strategies for the sexes or for the same sex under different conditions have been demonstrated in a number of species (Wallace 1974 , Draulans 1982 ). Females may have lower energetic requirements than males because of their smaller body size and may still be able to obtain sufficient food by waiting until most of the males have left the food patch. A subordinate strategy of feeding second and thus avoiding aggressive interactions with males may in this case be a sound ESS.
However, in patches with unrenewable food sources, as in our site, patch quality deteriorates with time spent foraging in it. Since intake rate is known to be higher in better food patches (Parker and Sutherland 1986) , it seems likely that females suffer a reduced intake rate by feeding after the quality of the food patch has deteriorated. Prop and Loonen (1988) quantified, in terms of an individual's intake, the importance of being first in a food patch. They found that the first 8 geese (in a flock of 67) to enter a patch of vegetation removed 50% of the available leaves and by the 59th goose all the leaves had been removed, leaving none for the last 8 birds.
A strategy of feeding second can only be successful if the costs of aggressive encounters with males are greater than the costs of feeding later. We attempted to measure the costs of aggressive encounters to females in terms of food intake. We assumed that food intake was directly related to dive rate and dive length and found no difference between the sexes. However, we have no knowledge of the actual food intake of each bird, and there may have been inhibition of female feeding by male supplanting under water. Underwater aggressive encounters have been witnessed in Canvasbacks in a tank with glass sides (J. Ball unpubl. data). In addition, it is possible that males and females differ in foraging efficiency, for instance that males obtain more food per mouthful (see Draulans 1982 , Koehl et al. 1984 ) due to their larger body size.
Alternatively, there may be costs other than just food intake involved, which persuade females to avoid encounters with males. More detailed studies of individually marked birds are needed to investigate various female traits and fitness components in relation to intersexual competition.
Finally, it is possible that the costs of feeding later may be very small. This will be the case if food is not limiting as we had assumed, so that females are still able to obtain sufficient food after males have fed in the patch. We believe that the food we provided at each feed was insufficient to fulfil the requirements of 800 birds and that food should thus have been limiting. However, since Pochard feed mainly at night and on a variety of plant and animal foods (Cramp et al. 1977), it is possible that the daytime feeds of wheat grain only provided a supplement to their diet. The majority of the ducks in fact left this site (where there is no natural aquatic vegetation) each night (pers. obs.), presumably to feed in surrounding habitats.
Although our study situation was somewhat artificial, since Pochard usually feed in less dense flocks on less concentrated food sources, and a lot of their feeding activity occurs at night, we believe that the results of our study can be related to less dense feeding situations. We have shown that females appear to feed after the requirements of males are fulfilled, irrespective of the quantity of food available. We would thus expect to see females excluded temporarily from any food patch discovered by a flock of Pochard. In the long run, feeding second may be energetically expensive to females in the wild. We suggest that this could be why females migrate to more southerly latitudes, where food supply may be more abundant and male competition less.
In conclusion, we suggest that female Pochard wintering in northern latitudes do suffer some energetic costs by remaining in the same habitat as males, but that further investigations are required to reveal the exact nature of the costs involved. We recommend that future tests of the dominance and dispersal hypothesis should attempt to measure actual food intake of each sex and other potential fitness components of females that could be negatively affected by male dominance. Whether or not these behavioural differences on a local scale reflect distribution patterns on a large scale has yet to be tested (see Rogers et al. 1989 ).
